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Abstract 


PROBLEM TO BE SOLVED: To provide a DMA transfer control system, which attains improvement in 
transfer efficiency. 

SOLUTION: Concerning the DMA transfer control system, in which data are transferred between a 
peripheral device 14 and a main memory 3 by a DMA device 1 provided with a read controller 6, a write 
controller 7 and a FIFO 9, the amount of data stored in the said FIFO 9 Is monitored and a transfer mode 
and write/read timing the determined on the basis of this data amount. 
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im^m 1 ] ssai Lmm&siim5?<^mm&mii f i 

FOt ^fii^fcD M AgST^ 1 (D^SiiH 2 CDggP^^ 
mil^m 2 ] tfrlE F I F O trS^tB L pj^fj^^m^^di 

^^mt-r^m^m i xtt2 ie«coDMAgii«ij«:;& 
c»5i?^ 5 ] MSB F I F o izmih^^mtay'-^mfi^ 

1 71;^ 7 cOi/^Ttl^O^ 1 ^IBKcODM AK3MS^Jta::^S:c 
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[iSjRJSl 0] miBF I FOC0>^U-X'J7chKfcBL 
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CiS^Jll 1] MtBF I FOJC7U-xUT:^^*^3&^ 
>^ U --X U 7;^^'* ^ ^ >^;U U - H 

Cii^RJll 2] MfBF I FOc^7>r;l/XUT<tlrii^ 
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So 

3] MtBF I FO\zy^ )lx.^JT^^$>^^^ 
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[0 0 0 1] 
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^fc. m.n^t'UW&mi 0 1;5^^FIF0104{CU — 
]^y'—^QS4f)m^n. F I FO 1 0 4;0^^SiA^$iJ 

mmmi 0 3tc^< h^^^-^Q 5 5f)m^n^^^\zu 

[0 0 0 3] DMAeMX^-NT% ^SfJ^gH 8 7^^^' U 
-HU^XX Hg ^Q5 Q j: Tlj CI iiT^ffi L 

•^Q5 3^ rij tcf-So -^-LT. gegc^DMAteiHyO^* 

mmmm i o i :sLumih^mm&m i o 3 hW)if^i^± 
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•CO 0 0 4] Sfc. it#MBa6 2-2 3 1 3 6 6 ^iiffi 
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m-r^F I FOB2tgiHl5g<i:> ffllET H UXtkfelHlgSCtb 
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fC^«StlSteMffl7'-*'«Sr, F I FO(0y^ h^^ 
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CO 0 0 6] 
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b #1 <t m^^m(nmiiFmm'^/-<7-m tc ^ ^ t ttsit^ ^ s 
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i^f >^'7x-X€:©r^|-r.S^a*^Yj:i/'>fci6, ->X5^A 

7r (FIFO) 7P— d^lfig^f -stti^pa 

DMAteiMlciitt-Sx— ^S^tBL-Sii'iaiirT^-^'tt 
ji«-©IP^£:F I FOOD?— ^fttcSo'tiTS'irffiiLlcSiJ 
ffll-rsCtlCfcO. ^M^^®l6j±*0t>fcDMAte5l 

$iJffli:;^^^iS«T^c:<i:^mi wse<)<hLTt,iS, ^ 

it. A-X heji<i:>'>^9'>iPeii;i^*ilSEbTt.iTt)IE^ 
iceitA^frA-S DM A^iM$iJ^:^iC«:if e^T'S C tSr^ 

*Wj:-:3 TV^T felE:^ (Cfeji^Srff D M Atej^Si]|?;5- 
iC<£ffl«^-r-5C:<i:^ll30S6<)itTt^^. *^c. U- 
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-X h g - H * C i ^£#SS[ t b T -5 . 
CO 0 1 21 ^fc, iS^]B5lB«C55§^«. »*JS1X 

\t2nm(r>DUA$bmmm:^^\z^K> . mibf i fo(c 

CO 0 1 3] Sfe. it3i<Jg6aBm(D^B^(i, ItjRJSlX 

« 5 mmcoDMAmmmmyj^tzmr). miiBSji*-tt-> 
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[0 0 14] ^tz. mMm3msLo:>%m\'^. matmiy. 
[0 0 15] ^tz. m^mBmm(Dmm\t. 11*35171 

[0 0 16] ^tz. m^m9%^m(omm^> mimim 

^ ClS'ti^ ^ T >- > U - K ^ V i A'- X h u - H ^ 

m^^uw^m^z\ty>^)i^^ hh^\^^w^-x hy 

'So 

[0 0 17] ^/t, if^^i ^%m.<^mm.. m^^^ 

:7 u -X u T (o-jjt^^^ x^^tm^fi^m b i 

[0 0 18] ^fc, iS^Jg 1 1 tB«c7)5g0Jfi. i«*^9 

fBm<^DMAe2isijiai:^S:ic>^.o. huIBf i fo(c:7U 

— xUT;^>^*fe€);6^5;{i^^W^L. :7 U— xU TT^^fe^gxh 

[0 0 19] ^;^c:. If^RJl 1 2 IBiSco^BJfi, i»*3S9 
tBt6c7)DMAeg|©JW:^^(C«0> hSIBF I FOC0>^>< 
;l/XUT^:#iX^T'5A*-X h^-^C7)S$i:^it«i 

[0 0 2 0] ^fc. mim.\ 2>%m.<r^w^nvx. it*^9 

IB«g<7)DMAg2iafP;^^{C^O; BUIBF I ^ 0\zy ^ 
[0 0 2 1] 

MAeill©J^W:SF^^^MT^>-X5='A^^gI, lil.2t^. 

^ 1 ^ffi(^fl^^<^)DMAgsco.»)M^^rya 

h^o m 1 \Z.^'tl^S\^. DM..A&ffll<h, C(7)DMA 

D-^ 1 1 ^:^^Lx^gM$-n/t^'1' >^^:U 3 <h. dm 


A^m 1 {i/iia/N'x 1 2 & tfpja;tx =i> i 3 / 

L TftM ^ n;^c JLZQ^M 4 SO^R O M 5 T'cJ:^ i 

MiSSM 1 4 D M A^M,1-:B^IM;>^ -f >^^0 3 \zm \ 

u 3 hmmmm 1 4 rsic^x-^^cD^iiisDM a^^sj ^ 

[0 0 2 2] gI2{c^Tci:^J::. ±IBDM A^S l ( 

8_ch I _E O 9_<h T^jic ^ j^T^o ggmUHSPSM"' ' 
6ti, ±SB^<>/^:U 3 >^^U/\*X 1 0 . 

^-r>;^<^:U A*xn> ha — ^ 1 1 S:r//\*Xigg|g 1 5 

^jt-Lxmm^nxi^^^. mii^^iMMmM^^t-tmrnjH 

S\t. E_I F Q 9 \zm^ T </ ^ -5 xr-,g (>^^;i/X 

U7) , ^m-rntf. fjlfiql9<7)^--:$^s.&»u. 

:i (Dmm\zm^i^^xmi^t^LMMMM3 Rrsm^^^mmm 

\z. (1) - (4) (D4z)(D^i^xmmL^o:>7^ / 
[0 0 2 3] (1) i^>^ji^)-]^r^ y V yi^m^Q 

4«, F I F0 9<Dy^ )VX,i)7^iF I FO^m^ 
mm) cfcO/jN^l.^^^. O^J9_._F^I_EXL9jCi^^ 
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-3^0 F I F0 9tCA*— X h^-f hT'^'&5='— 37;^^ 

[0 0 2 4] ^4-^1 OtC J:DDMAggia^ 

Sl|g,{ZOl.^TlftHJ-r^o ^4^1/ mi^j5S<^^^CDS!m 

(Dm^^mi^^^rya-^'^-h. me^t. i/om, 

zy>^)ly^h) ^7K-r^'1'Ai^->Jr>X. 07^^. I 

KS:CKV\*— X h^-r N) ^^r^-f Av— '^>x. ma 
X. m9\t. I xomm-^^^Rou^cD^mm'M^^T 
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A^H 1 > Q 1 4 1 8 \tmm/^7. 1 2 . ^fcQ 1 9 
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7^7/ U v/>^fi^, Q6JiU-K'J^XX NIS^. Q7 

^t^. Q 1 5t^7 Q 1 et^T^-^if^, Q 
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[0 0 2 6] mARzsme^^mi^xiyy^jw 

— ]^(Dmmzr:>^^xmm^^o cpu2;o^6odmax 

^-hm^Q2'^^ THJ (/N-r) \ZU^^i. DMA^S 
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^xmomro ^lt, DMASiii-r'^^^-^^^^^o 
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FU-FU^XX F<f-^Q6TV\'-X FU-F^tTO 

It^Q 1 OTX^^yyS 1 S^tYE S<t7'^D. /N^-XF 
F U ^XX Fft-^Q 1 1 TA'—X F^-r F^tTl/^ 
(XT-^ysie) . /X-X F^-f. F5=--^Q 1 2;0^'S 

[0 0 3 4] Ejl2(^, fHIBF I F0 9 0|¥lffl^^UT 
F-r^^-y;i/{f^Q 1 3^^*^< F#^ 2 
etCA-SiiF I F0 9 1Ct'-^2 S^SjA;?^, U-F-T 
^-y;U{t^Q87j^^U-~F5i^-f >iS^2 yjCA^^F I F 
0 9 0t'^^7 2 5^^ai-r<:i:e>{C/ci:oTl.^^o ^13 
^i. gll 2lc:^TF I FO9C0#jA.^<7)iifi{^^^'rc X 
^-FTF I F09/&^U-fe^y F^n'Sxh. ^-1- F^O 
i$^2 6S:tK>^>rJl/XU7«<h^>lC0-CS>^ (Xt^^vT'S 

4i)o-^UT. ^< F'r^--:7*;Mt^Q 1 3;?;?^*^-r F 

5i^-r >^2 6(CAoT<^<h (XT'U/yS42) , 
^^H@±JCJ:tf (4-1) , ^-i57;0^Jl^oTl^^®«g 

(:7^;l/XUT) fe-hl<h^i:^ (X5^*yyS4 3) o ^ 
CD ^ ;l/X U TM^Q 3 ^Bflfa3£*'Jl^gM 8 fCsM^ J: 
tc;^ci:oT(.^^ (Ei2#M) o ^< F4^-r >^ 2 6 ;0^F I 
F0 9(75Si;$£jl±36^S:?&^^W»fL (X7=' T'S 4 4 ) . 
YESTS>n^f^-r F7R-r>^ 2 6^0 JCL. T.'rv^ 
S4 2tCH^ (XT^'^yT'S 4 5) . 

[0035] I114^i. nil 2lC^t-F I F0 9(^gEai 
Lc^ftfP^^To X^-FTF I F09;&^U-feiy F^n 
^t.. U — F5i^-f >^2 y^iOT^-S (X^iy:7°S5 
1) o ^LT. U-F-r^^-:/;Mt-^Q8;0^U-F4^-r 
>^2 7tCAoT<^(h (XT'^yyS5 2) . 

ie±{c±frf (+1) . y'^juxuT^^- 1 (X 

7^^y:7°S5 3) o ^CDy^;i/XU7ft^Q3^|Hl^{cSi| 

U-F4^-r >^2 7;0^'F I F O 9 (7)«J^±;0^S;?^i^€:*iJ»f 
L (X5=-^yyS5 4) . YES-e*n^iU-F3}^-f 
2 7^0chL. X5=-^yys 5 3 JCM^ (X^^-^y^SS 
5) o ^1 5ti. Suf a^$<Jl^^g8(Z)^t^^. 

^sa 6 . . SjA^$ijas.^zjLai F i f o 9 

[0 0 3 6] F I F0 9fCtiXU— XiJTm5Q3 0^ 
m*T^>^U-XUTm::'JlHlSS2 0 :7^;UX'JTfg 

•^^ttJ;^j-r^:7^;i/Xij7ai::^[pl55§2 l ^iSfrtTi^-So 
^bT. ^tiib©Jffl]^S6{ItS. yU-XUTft-^Q3 
0 tC»:5(.^TS/>^;UU- F*'5t/^ti/K— X F F^ 
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^Q3 1 ^z&r:5^^Xi^>ifjUy^ h*^o^tiA'-x 
^ h^LTcfci.^;&^i:3:6^S:*iJ»f'r-57< h#iJ»rlHlK2 3 
^^ttTi.^'So mi 6RtXEll lilts ±$mi 5(C*T 

1 efiSEtHL^Kf^^^LT^oO, Xt-^;/7'S 2 1 
5^^yys 2 8«H4 0DXT-!y7'S 1 -T.T-^y^S 8 

ti^H.^) :)5^S:d^^*J»fU, ^fz. u/ ^ S 2 7 

Xt-u/T'S 2 STYE ST^ntfXT^^y ys 2 6TV\*~ 
X K'J- H/OWpJ^n> y^S 2 7TYE STfetl 

4C0lftfP<hl^i;T*-5o CZX% A*-X hU-HT^^fppI 

[0 0 3 7] ^fc. mi 7fri#ii^»jfP^7KbT:foO, 

1 l-'X^^^yT'S 1 BtC^J^j^LTl^-^o m4<7)Sjf^<hS 
XT->;/ys 3 Stc^V^T, mIaB:7 ^ jl/X U T 

Wb. ^;^c, Xiry-ys 3 7 \Z^l.^T. y^)ix.07f)i 
$>^f)^m^^mm^^J^X$>^o Ts^y-yS 3 5TYE 

n. XT^^yT'S 3 7TYE ST*n«X7='^y7'S 3 6T 

0«^^>. A*-X h^-f pJ^nTV^nti, i>>^ 

X hi:v'>^;i/^-f h'j^57xxhcc>t^i-rn?&^^§tt^tt 

^Z.t:f)^X^^o 
[0 0 3 8] m 1 8 ti. ±ffim 1 5 O F I F O 9 (D^B 

^^bT*50, ^-r h<^-y;i/«^Q 1 3 7&t^>r hJi^ 

>^ 3 6 JCA-S <h F I F O 9 (Ct"— ^ 3 5 ^Si^^. 
ij _ ^_-;.j^^^Q 8 g - H:;i^-f >^ 3 7 \ZX^ 

chF I F09<7D?-^3 b^mtti'T.^OizU'DX^^^o 

mi9\mmL(Dmi^. m2o\tmi^^(oW)ii^^^Lx 

l^^o mi 9[r43l.^T. X:^— l-TF I FOd-^^^J^y 

h{ZOX$>^ iT.v-y'fS 6 1) » -^LT. y^ 
—':f)Vm^Ql 3t^y^ h;J?-r>^3 6(CAoT<'5<h 

{y.J-y^S 2) . -x-^^ l«±lC±^f (+ 1) . 

>'^>i.xuTt)+ 1 ht^^hmz. y^)—x.^)Tf)^im 

MS (-1) Z,ii\ZU^ (XT^^^'t/S 6 3) o KTtili! 
4(0»lf^^:|^i;T*So 

[0 0 3 9] m2 0\Z^\^^X. X^— KTF I F O 9 7^^* 
^)±:yV-^n^h. 3 7\tQXi&^^^ 

\Z. 7U-xg7<hF I FO9C0?^$fll?Ut/^ (X5^^y 


yS7 1) « ^LT, U-H-r^-y;Ki^Q8;0^U- 
K3i^-f >^ 3 7tcAoT<S<h (X7^'>yS72) . 7^ 
-^^\m±.\Z±.\ii (+1) . iS^oTl^'Sx-^* 

(:7><;uxijT) fiH@M-5 (-1) iiU^tmz. y 

U-7U730Uf@iiAS (+1) Z.^\Zt^^ i7.J-y':f 
S7 3) o «T^^m4(7)l(jf^i:|WIi;Tfe'5o 

[0 0 4 0] j^±, z.(Dmmm&m^mmz^y)w^ 
vx^fzf)^. M:»mummtz.<Dmmm\zm^ri^h<o. 
x\tu<. z.(D^mo)mm^mf^i^u^^mm<Dm9^<D^ 
m^:^^$>'^x^z:<D^m\z^^n^. m^<D/^ 

-X hm\zMJt»{.rzzi>hu-y^mm-r^:i t:\zJ: 
0, «atClt-i;TSi®(^A*'--X hSTteiit-Sil<h;O^T 
^-So M^ti. mi ecDTs^-y-yS 2 5\Z:h^^X. yO 
— XUTt^^^S. 4. Xfi2I^_h<^(h#. A*— XhU — H 
m^^^^^S. 4. X^^2TteitT^. >^U— XUT:^n 

u±<oh^. i^>^)iu-}^xmmx^^o ^ih\z. m 

1 7 (DX'ry'^^S 3 5\Z^\^^X. y -()IX.^J Tf)i S . 
4. Xti2tA±(7)<t#. n-Tshy^ 
4, X\t2xmMX^. :7^;i/XU7;<?ni^±(7D<h^. 
'>>i^;U^-f hTKiMT^S, ±tB8, 4. 2> 

mL<. mmmm^mu^m^x$>'z>x^. f i fo<^ 

:7 ;i.x u TXti :7 U -X u 7 ^^^g-r s <h tc cfc o 
A*->^P'-^7>y->'P-^^D'5C<h^i:<. StCiE 
[0 0 4 1] 

mmo^mm u±mmi.rz<ko^z. cio^b^codma 

^:;^i:^^*^T§J:^{cbAc<?DT. /fc:X>-fei^^>^> 

^ikfeiM/i/^'SaEUTjbF I FO<^:t-/\'— :7D— ^7> 
iEl^fceil^ff ^:i<i:/O^T^So S^c^BHiLchS 

^mm\zno:itf)^x^..i^m^^m<Dm\DUA:^^h 
-^^^-c^mx^^o ^i^iz^fz. DMAKiMTc immm 

<Dm,^^t:)it{zM^itr. mcmmxDMA^mmx^ 

S« ^^tc^rc, MID<^U-KU^XX h^t^O«IT^ 
[mffic?)f8!¥;^cClttB^] 

[mi] c<;)5£^<^DMAgiii*ij?ai:^^$*jfi-rs'>x 

[m2] ^i^isoj^McoDMA^mco^ai^^-ryD 
y^mx$>^o 
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mi 3] mi 2(D^^ hm^^^Tya-^^r-hv 

mi 4] gl 1 2C0U-H»lf^^^-r>^D-5^Y- 

mis] ::(D^BM(DDUAi^mmm:^^<Dm2mm<D 
mmx$>'DX. DUAmm(Dmm^^^:/uy^mx$> 


[^16] f^2mm(Dmm(Du-\^W}fiF^^'rya-9' 
mi 7] m2mmo)Mm(D^'i hm^^^^^y^-^ 
mis] m2mm<DMm<DF i Foco»ft€r^-rsiB« 

mi 9] mi 8(Dy^ hW)i^^^'ryu-^^r-hX 

[1112 1] ^iit^(DDUA^mmm-:^^(D-m^^ry^a 

1 DMA^M 

3 ^-r>^^u {m2<Dmm) 

6 S?tHL*JPSB 

9 FIFO 

1 4 MjS^S (H 1 

2 0 yu—x.0 7a\t}m^ 
2 1 y^ )iJiora\tim^ 

2 2 U-FWKfrlHl^ 
2 3 HfiJSfflUK 
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